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TITLE OF THE INVENTION 
SEMICONDUCTOR DEVICE AND METHOD OF MANUFACTURE THEREOF 
CROSS-REFERENCE TO RELATED APPLICATIONS 
This application is based upon and claims the benefit of priority from t 
he prior Japan Patent Applications No. 11-121689, April 28, 1999; and No. 

2000-122018, April 24, 2000, the entire contents of which are incorporat 
ed herein by reference. 

BACKGROUND OF THE INVENTION 

mo s b7^^«y-V kw hUSte, ztihomzfr 

ctubo^tt, mo s f 7 y^^^o^ 1 - Mi©TWf:(tt*tt/i< , y 
TV^o r CD-ynir^fi, FIG. 10Ai:^fi5l^, y = ^StK 9 1 ±^ 

>> y 3 >mitm 9 2 % k-^v K&^tM£igtn;tf># y y =» yflu 9 3 

l n ^y >-y ^y-si9 3 ^fjf^w/Ny-^^^pxbfc:^, fig. 1 oB^t 

«fc5^ (o 2 ) #HM*^!&S&'fk;£?TV\ &mitm9 4%mj$ir& b\<^ 
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FIG. 1 1 A- 1 1 B|:/Tti5 

^^f*it^*fLTti5]^o^ffl^w-r6o fig. i lA-iiBit ^y^y 



£\ ^SBtP^^ft^v^ y htf*&S£ft5o 0>J*.tf> LPCVDM 

<kmm<D&^7kmfmikfe*m^iztvxh. 9 5o°c, 
, urn*?'*-* ^(D^u^^^cDmmtmmx-fo&o 
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FIG. 12A-12Dlt V y ^7 7 ^ - ©i*^S^tWt^ X(DMO 
S b7y^^«^^tIgi!itfe5o FIG. 

i±n^-h»iio2, ^Mi^^^y->^^iio3, *°y->y 

=i yl{kil 10 4 SrJllM^^fiSc-f 5o 

FIG. 1 2 BtC^-f £ 9 Kl, ^v 5 * h^ffi^M U V V ? 7 ? J 

-^f/^-yi0 5 (fl^^Stbfc;*?) *^i"5o FIG. 12 

o 5<Di|g?r*iaib*5o miaz, c©i©t<^ofcv^b^^'->'i o 

FIG. 12Ct^tJ:9^, ^W^-yi0 5Sr^^HLt 
v-y ni/^ik^l 0 4 R I E (Reactive Ion Etching) Stxyf J^^Ltx 

FIG. 12D(;^fj;9^ Sofcv^yMI (siN^^-y 
) 1 0 4^"77^iat#!J ->y =>>H 0 3^R I Efetxyf y^'LT, V 

tfl: x fig. i2Di:*t±7i: 4 ^-Mi 103 

-rziz$><DT-—/i'ZnoX. y-^/KK^ioe^fMU mo s h 

Z.(D$£Mj?feX*n, FIG. 12 B(DIgt*ilit5 Uv?* b<Dl&&-i*s i§3? 

5 0 0 nmS^S^fcft, ^Jiii5 0 n imPS©^— MSl 0 3 Sr^^-TS 
*§-S\ Uv** — 0 5(DT*s<? hJfcfSl 0 £v>5iUiHi£te:&5<, 

*(DlZlt>, V b - y 1 0 5 »Jf^(C if ^ o # ^4 C^f < ^ 
mgzk Lty- MUl 0 3(D^(C^bo#^^C6 iV^5Pp^M^|H-6o $ 
fefcUv*;* b^^ — ^ 1 0 Si&HSItvC L£ 5 ^V^5Po^MtS3wS 0 
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/Hi^^-r^s i n/^-^i o 4&j&f&vit'&, mkwmK&v s i N /^- 

yi04 <7)#g^jNBb-tirS^'fe* s *P^^"CV , «So 

L/^U S i N^-^ 1 0 4<Di|>g£&^ftfl:;£tt^ib-tir5- £ teBfettrfc 5 

0 m^3§it^iiVvX^^^^^ffl^"Ct>, S i N^-^l 0 4£>tg 

1 0 nm*fflb-tirS<DlCfi, 9 5 0°C, 1 ^f H 1W±«i^^x y h ^ 5o 

BRIEF SUMMARY OF THE INVENTION 

y =2 is * & tf iti^ $ r & s t»3g id *s it s p ^msi^ sssb k *3 5 IfiHc 

* & £ Kit -C # -5 *NS#SS*5 J; ^^it^^rS^i" 5 d £ "C 5 0 

sifs^ mmmmm<D-mmm-r^-<< jtuffiMxii^nx-rsxii^ ^ 
lit, mb<©x3g^«t 9#«bnfc^f**Sit^*f lt, t/y^it/i*^ 
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*%w%bi*. wftofe^ iifci^y ^^z^mmmz, x-yy&ft 

FIG. 1 3*5<fctfF I G. 1 4 t^f©-i?r^to r CDHifc-Cffl 

°C, 3 0^ 1 3 k P a tD&W-en-oIZo fiUtt, W/^y^-^^^^±f^ 
^StS, 900 0 C, 3 0£\ 130Pa 0#ftlTofc 0 

m.m#&xfiWLm<Di&&7v yr4^%. s iMs^-efW^-cJtlfcbfc (sim 

FIG. 1 3te^#*t?8fc'fb*QiJl£?T o <£>S IMS(?)M*, F I 

g. i 4 a*y>-bmm<DU&rfxxm4kfcm&ft^tcWi&<Ds ims©^ 
r^^^T(D{-t^^ \z y mmitmm (n 2 o) tf:«-iftii (no &m 
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^^^(Dm^it [N] / ( [O] + [N] ) &0%£ <9 1 0 0%WT^tS 

^- y^mity * ^ * & # s ± jfcm^att * ^ ^ >- ^ l ^ £^ 3^*7 
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FIG. 1 7*3<fctfF I G. 1 8 £ &^-r^fcS£m<£> — 0»J-Cfc5„ 

FIG. 17*3j:tfFIG. 1 ^^tb, ^bSl- K7>fife^ (0 2 ) *3 

it/^M^^-y^ (o 3 ) ^fflv^c^k^^^J: om^n^y ^ >mitm 

{b^it/^y ^s^^y^^bTtMSr^u ^ciitTEos^ 
^*3<tt^vy ^>mu&*u$>z>^ fc-e^t^o 0^*3v>t, T^^niMt-^ 

SHbfl^ K7^ti (10% ) fcJBV^M^fe-Cf^ fil^ias* 1 0 0 o°c 

V®Ml<£>HIJ?te: 1 5 nmtfeofc„ — WtttM^* *S S (#J£ 1 3 3. 3 2 
2Pa = lTorr) Srffl^fcifcfl^Sfe-Ctt:* M^jg£8 5 0°C. iSffcH^fc 



7 




1 1 nmt'feot 

FIG. 17*3«fctfFIG. I8frbs K7 ^ &3&£ffl V^I6te:fr8rC{^ ^ 

s iN^^- v^r^yv-y n^^co^^^vy^^y t Ltffli^i^ s i 

Additional objects and advantages of the invention will be set forth in 
the description which follows, and in part will be obvious from the descr 
iption, or may be learned by practice of the invention. The objects and 
advantages of the invention may be realized and obtained by means of the 
instrumentalities and combinations particularly pointed out hereinafter. 
BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWING 
FIG. 1 A- 1 Ff«3§^(Dil 1 roIMjC#5MO S Y 7 > V * 9 <OWt 

FIG. 2 A- 2 DtePMO S h ?y^^©y- b mtS^T^tI5i5{f <Dfoiz 

fig. 3 a- 3 Ete^mM<Dm2<DmMm^&z>7 7 v^y^^^y-t^^ 

FIG. 4 A— 4 B {31*1:7 v y is =l y ■=& y ±/u<D : ^M^— h W,Wi<v T 
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FIG. 5 A - 5 E te*mW<D% 3 (V^mMMte XXf^t <D : m]&MK&Z>MO S 

FIG. 6 A - 6 Gte^mfiCOm 4 (DM1&&\K&Z>MO S F7^^ (Z)^3t 

FIG. 7 A- 7 Ef»^PJl<7)H5<Z)^mW-#5MOS hy^^^^cDMit 

FIG. 8 A- 8 GittUPJ^f 6 0WJ^#?>MOS b^^^^^^M^t 

F I G. 9A-9Gtt«B^C0H7(D^W^C#a^S^tt^^y-fe/K^i^it 

^££^-f XfSfrBlIk 

FIG. 1 OA - 1 0 Bfi^^^^^n-fe^^^-rXgilfSlll. 

FIG. 11A-11 B^^jfeWftiKD^m-fb^nir^^^i-XaifffiEl, 

FIG. 1 2 A- 1 2Df«*GQy V ^7 7 ^ -cDfg^ £j@;tfc$!&*ffiiM X© 
MOS h7^^^^&£^1~Xmi$r®lik 

FIG. 1 3i4li#i^^-C«^tto/i:^!)3yi?iftS|0^y 3 & 

f i g. i 4te*yz//mm^tfxmm^^mk%ft^t—y ] J ^^wtmit 

fig. i 5 a- i 5 ctem&<D&%tfx&mfs. t P-e<n&&t<wz-£ <onhtiti 

fig. i 6 A- i 6 cte$£&<Dm%tfx&mn i P-v<D&wti\:K£ v&hfotc 

fig. 1 7 \tm^(Dmit^W:X'Wtiti,it^v ^mfcrnz^tf^mmnmn 

FIG. 18 MP|©ift^«Lfc'>y 

The accompanying drawings, which are incorporated in and constitute a pa 
rt of the specification, illustrate presently preferred embodiments of th 
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e invention, and together with the general description given above and th 
e detailed description of the preferred embodiments given below, serve to 
explain the principles of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

ffiLfcPm£J-oV>Ttftl^-r3o ^©KStt, FIG. lOA-lOBCfc^T 

~>y ^ >m<tm9 2 <D\xt> <o ~>y =< ^m^it^ fc.it*> v =>^M^fi£:ffl 
fig. 1 5A-1 mM^&L&rfvy r 4 ^<»m^\^ £&mm&^& 

rtvi/v ^>mv 3©ri-#&t5^y = ^msii* 9 5 1*, 3 van 
3<DTi%&<D&ik&m&te< ^sytfe, #y ->y ^>Bi9 3 0>T*sgBte^gMbitir 

j; 19 t^ofiW^oTLt 9 (FIG. 15B, FIG. 15C) . 

3 <t<D#®^5 X 1 Ol 3 c-2m^±, fc5^tt#!J i/y 3^H9 3i£#^^y =1 
^^^bSl9 5 ^olilMtb [N] / ( [O] + [N] ) # 1%&±-CSS^£ 

- X if — * gfete f*^+# ft 3 o 

::-e, ^>y = >mmtm9 5 ^(DM^iftit^sv>#^, #^^y=ivstg9 
is*^< ^sytfe, ^y v^y ^^M9 3 ©rsatv/y =t>m&9 1 ^mistf* 

(FIG. 15A-FIG. 15C) 0 
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MB! 9 5^o^«a^it [n] / ( [o] + [n] ) &i%u±-e&&ttez> 

o 

— ^!J-y!Jnyi9 3(DjI]Iil:, Rtt Lfc^ y =* ^mmtWk 9 5 (D^® 

tizitft, y°v±xyj~i?®mz£%mm&m^+ft^z> (fig. 15 

B, FIG. 1 5 C) „ 
^Jn^^fcPa^JHf^ FIG. 1 0 A - 1 0 C C/Tt i 5 * t-^-i 7 f ^ ^ 

(m 1 ©iiw) 

FIG. 1 A - 1 F ft, ^m<Dm 1 OWJti^MO S h V 
it^r^ Sr ^"T X^ir® HI T fo 5 „ 

fig. lAii^tiM:, ->y =3^^i<D5pta^tt±(f ttb^^s 
^M^£-eJ¥£ 3 nmro^y (^n^) fc^/SU i^r— 

(no) #H^-e^3SSrtTV\ ±ie ^^^bil^M^MJ^s x 1 O 1 

7^}C, FIG. lBWJ:^^ ^tLT^y-yyy^V^LPCVD 
iSfcl-J: t) , '>y 3^^t!Bl2±lCl?$ 15 0 nm«7yK-/©^y ^ y 3 ^ 

( b ) ^tyiiAtSwirtiot, Mfti^^fig^^y ->y 
yK^Lti (P) , titm (As) ^roKt-^ffl^ttSv^o m^*5V^ 

wz&mt<D& (*°y vy =>^si3^pxbfc#) {z.n^xh^\ 

FIG. 1 Ctc^-TJ; oK. 5t? y i/y n^Sl3±(c7^- h w^;* h£r'M 
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ftfcl, FIG. 1 DtC^-r«fc I/^^b/^->'4?:-77^iLTll\ 

Ltetfb, 9 0 0°C, 10ft, 1 3 0 P a ©##«15:tTV\ FIG. IE 
::t*, ^BNfcHSs^igiffte, h Sffi 3 ©lias "C 5 n mgg i * 5 » * 

fig. lF(^tJ:pt> y- hm®3 ^-^^fflv^T K-^v 
, mos h^y^^i^tSo 

fig. 2ak, *mmm<D%W:iz£y)j&&.Lti. y-Mi3roTWf 
ikm2$ i <D&mwk8t&. ^^mRi ttoRWft&fc&^xs x 1 oi3 C m- 2 

:gJUbifc5#£\ ii^^fi^t«{^tf 5 £ (t£3fcftffi) , FIG. 15A 
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— X bf ' — 9 (D J&f& # & S o 

fig. iE©igtit ^y*>mwn,<DmfamK£^x'&mik%ft^ 

m^k^^a^^^k^ii^Oi-^fi, FIG. 2 Bld^-f-J: 5 m. BfM0>ff&0) 

ir^5ri6Jp-rn«\ FIG. 2 Cfc^-r«fc ^-FtS3 0TW§»V 

FIG. lDOItt', *1 ->y 3>H3 Sr/-«^ — ^ 

o Mf#*#fflM^i£iH^f ofcii£- ©FIG. 16A^tiEL 

FIG. lAOIgfli, fMibll (^0^) SH^^H^t"^^^ 

Lt^y3^ift)H2^tfc^, nE^tm* (n 2 o) ^mnm^nmn. 
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(fl 2 <DH»!j) 

FIG. 3A-3E(1 2 7 7 y ^ ^ U ir/KD 

m& life & ^-rxmwr® n -e & £ «, 

£1\ FIG. 3AlC^i"«t5^x = 1 CQ^Zil^tt-ttf kftfcS* 

BlciSlkft"CJI$ 8 n m©v^ U 3 ^8^1 (^FEI^) *Mt> i^^T"^ 

mmMm^mm&tt [n] / ( [o] + [n] ) ©br-*teas*ji o%bte% 

2&^j#-r-5o ^> y 3 >mmtm 1 2 ^gummj (s^md tm^M'j^ 
gn^tt [n] / ( [o] + [n] ) *iKt>#j 1 o%ktez>z. tzmmv 

FIG. 3Bl^tJ:9lc, gS•itT^y^7yi:*^7^y^fflv^ 

tLPcvDSiao, '>y=ysiftii2±i:, v 

yfr F—y£tl1tm.& 150 nm^iSS^^^y *s V = ^IK 1 3£Mj&-T3o - 

fig. 3 Bic^-r «t 5 ic, v^y 3_b^m^wife^sii 
4 % ^ij^/r- nit tezmmm mz.t£ k-^v k£^&*° y ^ y 1 

gl^LftV^v^ — >-£-^^ £ LtfflV\ FIG. 3ClI^t 

itn 5, mMWtflgi 4, /Ky vy ra^^i 3&K7^f^^f^ 

7v;*/l/^afAt*^b, 9 0 0°C, 1 Otj\ 13 0Pa©^fttiMSrtf5 
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^tx\ fig. 3Di^ti5i-x ^y^y^^ii (#sy-ns) 13© 

FIG. 3 E t^t ± 9 t> MS 1 5 ^ (IfflPT K- 

j&LT, MOS h^^^^*s^^"t"5o 

FIG. 4Ald, ^H»Jt^^?i^J: 9 , ^«y-Mlil 3(DTSMffW 

nm?— v mm 1 3 mmto «t t/ v y 1 1 ia^w v ^m.m.ikWk 1 2 
*<r>m.mui&& [n] / ( [o] + [n] ) &i%sx±foz>m&. mmx^^m 

HX'&mfc&ftib m*<o&ffi) .FIG. i5B(^LfcJ;5«l^o 
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fig. 3 D<Dxm-ete, ^7^#^#fflM^<^iMJSi- J; 

% ^ y^^mm y *s t> /v- & ffl v > /-c m t n s # <z> mm a* ^ & <n 
^/c, fig. 3c©ist*, *°y 3 ^/^-^yyts^c, 

(I3©ili) 
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k— yco/K y -> y =i ^sn^ k— K <t LT/J> ci y (b) ^r-r^-^iiA-t-^r. £ 

Ciot, FIG. iBi:/TtJ:5C bmffi£fc5i6&^<£># ^ 

K-/^KW^A«. V^T*to T K-^° 

^Yb\sXm (P) , ftti? (As) ^<Z) K^-fclflv^fc&v^ ±|E K-^^K 

fig. ici;^tJ:5^ ^y ">y =» >i3ic7t 

^{d, FIG. lDl^tJ:9i^ k-^f/^-y4^^^Htffli\ 
#y v-y ^yf3^ K^^y^^-i <9^-~>^L"t^- 

^^M^o&ii^^p^c^y 3 >-s*£ i Sri&AL/cfK 

ft tC&liftTKilf (M5S5 0%) ^lAt*^^ 9 0 0°C, lOt, 

6 5 0 Pa(D|W»ff9:i:t', FIG. 1 E {d^*t"<t 5 ^"^S 
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mkK, FIG. 1FH/Ttj:9(^ ^-hti3?:v^^|ifflv^K^v 

, mos h7y^^^^^t^= 

fig. 5ac, *mtem<njjmz.&9tei£\'^ ^-bmms^r^^ 
o&^:i2]^^-r 0 0^ ^f^^^^^^^^^^^^L-^^^o *mwxn, 

S#f) (FIG. 15CC*lfcM) ^KLT, /^Xt-^©M 

ft:Jb\ FIG. 1E<DI6T11 i^bi-fflV^^lf 7 v^/WSf, M^i:7X* 

FIG. 5 Biz^-tX 0 Jd, II©J|$©^^I|5 Sr#5- tfls-C#5 

o 
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mm) 2' tp<Dmm&NiLMirzz.k&mti\s<ft^&&wz* 

zmu-ttitf. fig. 5ck^-txvk, y-h«S3 0T«8W3ft#^vu = 

FIG. lD(DHmX% TjfJJ C/y 3^H3$r/^-^^^i-§^^, V 

o 

^af-c'fosii^fi^wm (fig. ieo titm^x. 
*&wx*teWtm : 7i?*'i'&^tti£m% t P x%.m^n^x\^(ox, vy 

^nwy-m, K^^xyfyn-Rwu^y =» Steffi* i?~hm 

mm) 2' Sr^^fHkbfc^ £^^£3^7/::^ FIG. 5E^-TJ: 
^^filffW^S^^Sl^^t^'Ibtfcl'n (FIG. 15C) £tmL,X, 

*mMM<n*sv =z^mtm (f-bmmm) 2' a, wMtvx^y ^y^t 

7^-7Srffl^fcLPCVDfe-(?ML» ^X^^&U JVD (Jet V 
apor Deposition ) m^<Dfla,<D IT . Inl^WSb^^btbSo 

, -y^yifti (v-bmmm) 2' ■*» ^->y ^^^w^TG^as^sn 

FIG. 6 A- 6 FUttfPJ^fM (DlUfe^l^SMO S V 7 is V * 9 V>W&. 
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*"f, FIG. 6Al^t«t5l-, MOS h7y^^OttV^$IJil®tft 

<z)j¥$ 5 nm^v-y = ^m^bii 2 2 ^^<Dmmt/m^.<tmxnm-r z> 0 f- 

-Y^ylxK-t°^^«, 5 0keV. 3 X 1 0 19 c m~ 2 (D^WX-f ty}iAfet «t 
■fZ>tzfr(DT~— /I'Sr^lX-tfl 0 5 0°C, 2 0 5 » 

fig. 6A(^-r«fc5t-, y ^ yiMm 2 2 ±(-y- t ^ 

6J?£ 1 5 0 nm(D^y ->!)nyl2 3SrCVDjfet?liatfc^ ^^^^^ 
flf 2 3 & ^y s ?-l'y-tZ>®k<D'?X# tLX<DS i — ^2 4£&5J?&10 

FIG. 6 Af^i" <£ 9 t-, 'J y 7*77^- Sfflf fc^^T, i|>I;d s ft/M& 
(lOOnm) ©^-bu^h^^-^ (EI^Lftl'O £±SS^ U = 

5»fWFf*Hc»SAU (t^lO%) Sr« 

XX^Wh, 8 5 0°C, 2NfK. 1 0 0 P a w£#-C®tffc*&3£fTV\ FIG. 

6 Bic^-rj; si n^^-^2 4(DmmmmKm£ l O nm^v-y 
^12 5^^-50 vy =^j& 2 3 wstffl^Bi-tv'y =«^i& 

«|2 5 liM^tlS. 

:wa^ s i n/-^^-^2 4v>mn±.U'V8 o nmir^9 , yy^7 

7>f-(7)lAS:ex.fcfiSllt'fX©S iN/^-y2 4AS#f)il5. ft*3. Si 

S i N/^ — >2 4<7)T$B<^<@f*8 5 nmt45o 
ftfc, FIG. 6 CK^-TXo^, y Vilk:! 2 5 ?:li7 
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S i ^2 4 ^v^^CLt, tfV v-y ^yi2 3 £R I E$£-? 

my^^^L, *S8 5 nm©^ hS® 2 3 Mt5 0 S i N/^- 

^2 4% y ^^T*^*-rs„ i/y^^^n w—bmmm) 

2 2£>Rttig|S# 1 t>l&*$;J'l5o 

FIG. 6 Dtd^i-«fc 5 t-, 8 5 O^CD^Jg^fK^Mb^T V\ ff$ 5 n 
mCD^gHWg2 6 %i/V =t^mm2 1 , -> U =» i'&MSlK 2 2 *5 «fc tf^— h 

FIG. 6Dl:^tJ;5(^ ^-Mi2 3 5rv7^(at, 0O*.i*l 
OkeV, SXloWcm-^R tyftAfet «fc «9 K-^>- h t LT5Jt 
n>< *^*m&tt$k2. 6 £i§LTSf«ffi^ALfc^ K-^yf?:ffittftt 
5fc«><7)T^ — /i'£r0»J*.f2 8 0 0°C, 1 0 fJxngtftX'ft 0 'z. t X~\ TsTl/is 

fi, ^y i/V ^ ^BI2 3 ^JDPXLfc^ic K— h^ASftT ofc/^, j£Ig£lRl 
fcSWij&Hg^ ^?y ^>y 3^8i2 3 SrJDItSffl^fi 1 o"Cfc!v\ 
^tc. FIG. 6Eii*tj;5^ K£*— 8 £&5J¥& 5 

^^qCOm y J? R I E fet?^ 5> ^ ^ ^ U h gB^flH^lM R^^A- 

7^-f2 8?rMt5o ^-T K?*-/W*'<— ' 9-2 8 cDttiiD/?^^. «f^5 
0 n m"Cfo <5 0 

ftlC, FIG. 6El:*fJ:9^ eOkeV, 5X10l 5 cm-2©|frN 
;tV&A8;fc:«fc «9S«^ffii3<fc^y— hM2 3 11 K— b £ LTfiitlt^ ^> 
SraJTALfc^ K-^^ b ^St4^-f-S/'ci6cDT^--^^^J^^l 0 0 0°C, 1 

FIG. 6 FtH^-TJ: 51-. Bi±JL-CV^^^k^2 6 lrf7yK^ 
T*l&*Lfc&. ^®t-J¥£ 1 0 nm©3^ M30 y * fe^rici - *),, 

FIG. 6G(^tJ:9^ 5 0 0°C. 6 0#W7--7K 7 7 0°C. 
3 0#<75T- — /VfcJE&fTV^ (2^^T^-/^^fi : V^) , h«#2 3*3 &Xfi 
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^ms^j-ett, y v-y ^^112 3 ^^^-f £i^<^xy £ lt, tf?y 
vy =i>Si2 3 ^LT^y^^yll#^b/«fi3 v^y ^^{bii^tbfrs s i 

— ^2 4 ^ffi^T^So ^(Dtifr, S i N/>°^->2 4 (DT^^V Mfcf* 
fSM"C#So £tb(-, S i NT/-** — 4flS£j;h,5£l^lS]gt>iec: k&V\, 

=cy h^±m^i&m^'^ . ^y ^^s*s2 1 ^(D^^m^^^y r ^ 

£ib^ tf-j/^Blft filter ^X-^Sfete^Si^te^ft?), ^y^ 
^B£Msl& (y- MfcMsBI) 2 2te:/^X-^V-v ; £gtf&v^^\ h 
11^12 2 (Dim *g'l4?Mg;T^\ MO S h 7 ^**<7>*RM43£1&£ 5 Pp^MteiBr 

(^5tf)iSifi0iJ) 

<5 0 

FIG. 7Al^ti5l-, MOS ^^^©tt^Iffli^fcft 
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FIG. 7 A^-fJ; ? i/!)3yiftl4 2±H^-htffii:^6 
ff£ 1 0 0 nm(0* 0 !) ^>y =»^|g4 3 3: C VDS"(?MLn $ kKW-Z 1 0 0 n 
m©^^fy||4 4^^i*«Lfci, J jfy->ij 3 yi4 3 1 * y 
j/^t- ^If 4 4 Sr^s/^^^-fSISg^S iN/^- y£ & 5J¥£ 1 50nm(D-> 

y^yl«4 5^cvDWMt§. dd-c, ^y v-y ^>gi4 3 <H£jg£ri 
ik-rzizuxD k— h co^a«> *°y v^y =3 ^si4 3 oj&ig hp#, *° y ^ y 
3^ii4 3 ^j&^-emflfu 3 (D^px^tf 5 fiK fe^w^^M (/^y^y 

FIG. 7 BfC^-T J; 5 y y^77^— &ffi£fflV N "C, +Iri s &'M& 
itg (lOOnm) (T>*f— h l/v^y. h'*?' — y (I2^L&V^ £^J&U CL^^ 
^^tCbT^y =*>Mit^4 5 10 0 nmfc'ltR I E&^J; 9^^^ 

^i"S 0 ^^J!^ bwy* — >"es^tb-cv>^v^^^^v-y =t>M 
v/y n v£tg4 i ^y ^— bT/yx^^br^MA-rSo 

!J^-^7X7|{«l^i7^/^IAl*^^ 9 0 0°C, 
10#\ 1 0 0 P a (D0kWX^MM^=f^^ FIG. 7C(^fJ:5!:, ^ V 
y^fUBl4 5<£>ffttJ^BK:J¥£ 1 0 nm(7»y =iy$Ht:fll4 6 ?:Mt5o 

^ttlcfc 9, v-y = ygfcfc|g&4 6 ^Lfc|©'>!) = >Iftl4 5 Wijig 

^fbfll4 5(DflIi¥{i4 0 nm^5. 

fig. 7 Dic^i-J; 5 l-x !i 3 yS^i4 6 S:f7 S'S^t'ei^* 
-y-a^^^^^y =»^-fki^4 5 trBfofeLT, s i n^^ — ^Sr^i-^o 

aofcv-y =iy^blf 4 6^T^(Oi|iS«8 5 nmt/^. 
FIG. 7EC^t<t9f-, S iN/^-y4 5^"7X^iat^y^ 
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5 ©tikis (fig. 7C) k^t, ^y^fyil4 4»^y nytibi 

£-f\ FIG. 8 AtC^-f" J; 9 (C, MO S b^^^^WLtV^UfflllCfcft 

(DJ?£ 5 nm(DVy 3yft^l5 2*5«fctfy— 150 nm(D 

jKU =J>-^5 3 ^©CVDMfi£t5. 

±I5^^^/^ K-t°^y«, 150keV, 3 X 1 0 19 c ia^(D^WX4 

hSr^t4^-f--5fcfe(Z)T^— JV%m?L\-£l 0 5 0°C, 2 0 ft 5 0 

ibis 3(D&Wktmm. tfv v-y ^>-si5 3 ^^-eiwuis 3(Dmn^no 

m^-. fig. 8Al:^tJ:5^ *°yy^yl5 3WtBCJ|$ 5 nm» 

v-y ^y«5 4 ^M^fi-e^^u/c^, ^Msiis 4_bK#£ 1 0 
onm^yy 3 y^b!i5 5S:cvDfetMt5= yD =»^M;iBS5 4 




4 4(D^sil^^^6^y im KfH5££^rl-£te8 5 
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b LX(DS i 0 2 /^-y&J^S i N/^-^t^S, 

fig. SBi^ti^:, y y^77^-SWSrffiv>-c, *gtfsft/h*& 

(lOOnm) (D^-h^b^-^ (H^bftl^) U -tl^ 

^UTs s i o 2 — ^.fctfs i N^^-^Sr^ts. ±say— 

AL&ri s &, 8 5 0°C, 2B#R^ 1 0 0 P a ©^#tl^l?rffV\ FIG. 8 
CKTF-rkoi^ S i 0 2 />°^-^5 4*3«fctfS i N^*-^** 5 5 <7>gffi 

mm^mz 1 o nm©->!J 3yM5 6 zMffc-tZo ^(vt%, ^y^y^y 

ft5 0 ^tUCj;^ S iN/^-y55«80nm^j:^ ^^77^- 
7^(C, FIG. 8Di:^tJ:5^ vy 3^15 6 £#7 ^griM^i; 

-T3 0 sio 2 ^-y5 4tt>fi^^5fc«), ^yvy^ 

ft in, FIG. 8EC/TtJ:9(:> ^-^5 4, 5 5^^^CLt, #y 
v^y nyl5 3 £R I Ei5fe"Cxyf y^t, 8 0 nm<Df — MS5 3 
-TZ> 0 Z.(Dt^, 4<y ^y 3^115 3('^J^^nfeiM^5 7(D^T:\ 
i53 (D±M^ -7^5 8 fi^L* 5<, 

m^, FIG. 8FH^tj:9^ S i N^*-yJ&5 5*5«fct*y- hSIMS 
SI 5 2<£>SltbgB#^ vy 3^^115 4 &y y^^"^* Lfcm, 

8 5 O e C<Df&Skffct: 5 fTV\ J¥£ 5 nm«iW5 9 £ V y 5 1 *3 «t XI 
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FIG. 8 FlCTFi-J: 5 5keV, 5X 1 Ol4 cm - 2 ^#"C^t 
K^yf^tt^t5fc*WT^^Ji«8 0 0°C 

FIG. 8 FtC^-T J: 5 iM K**— 1 £ &5J?£ 5 
0 nm(D^y 3yl^lI^CVD^BI«tfcf, - ^ ^ V =* 

FIG. 8Fi^tJ;9t^ 60k e V, 5 X 1 0 15 c m - 2 <D&WX"( 
^-^BLAfeKXy K-'*^ hi: LTfit^ ^ Mi3 3 

rtl^Atfct, K-/^ h^?Stt^-t-6/c^<7)T^-/i-?r^^«l 0 0 0°C, 

FIG. 8G^^-r«t St^U"CV^S^Sfe^5 9Sr^7 5/SI^?K 

5 0 0t 6 0#O7^-/K 7 7 0°C, 3 0#©T^^«ffoT ( 2 
pgr--y>^ifToT) , y- h«@5 3*5<fctf V — KM Vfl^6 2 (75 _b^i5 
iz=ts</i> hi/}) 3 Sr^i-6 0 ^tf)^ hlg^^-f 

5 0 y- h«@5 3W_h§|3^^^nfc3y<7^bvyf--f 3fl, 

OOMO S h 7 ^v ; ^^^^j5^'t" ; 5o 

Vy^^M^ll5 5 (±21$) <7>«JIIIiE&ffl^TV^ 0 y 3 5 4 H 

^^^bM5 5 J; t> hmtn^tuWt^\ %<d1z#>, MB&y- hMfcSnxffl 
■^^^Sr^-t-SytfeOSfe-fkXm (FIG. 8C) d&^T, ^HSJOIl 
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^Tvt^fc^ MH3I5 3 roSgtSrSb^M^TJf 5 3. MO S F7 

FIG. 9A-9GI1 ^0^(D^7O^fiJ^#6^^tt^^y-fe^WM 

<y- Mi©Tii!5:5Ji$ 5 o nmw^y v-y = vii 7 3 = ^mmtm 

7 2±('CVDftt"Mt5o 

fig. 9Bi^tJ;5t, y y^^-sflf^fflv^-c, *i*5«tt/ra 

PB/JS^/Jn^^s (lOOnm) W hwyf f^^ 1 -^ (dl^Lft^) £/tfy 

3 vii7 3 Ji^tmu v-y 3 ^ii7 3, ->y^> 

mmtm7 2, i/y 1 i Efeia y^tt, as^#$tffl 

M/yf^(D^M^v / !J =tyfftl7 4^rCMP& (Chemical Mechanical Pol 
ishing process) X^i~ 3 ^ t Xft 5 0 W^yji 3«H7 4 WiMC 

FIG. 9 C^^-T £ 5 tC* MtI©±l^^SI? £ 8 0 nm 

»i) >-K-y°b^y vy 3yi7 5 Src vD&-e^s^*iSfL7t^, y vK-y" 

h^°y v-y =<»3fl7 5 ±fcj?£ 8 0 nmCD^y ayllkHi^ftS, 
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s i n/^-w 6 it. 3 >m.{tm-t^^ ^ximm^M^Bm (100 

nm) (TDy— h Uv** h'<? — is (^FEl^) £?MU m*^* * lH LT v- U 
liCVD$«t5o 

ftfc, (t^io%) 

ALW^ 8 5 0°C, 2 0#PbT. 10 0Pa©i#«l?rff^it\ FI 

G. 9DC*ti5i:, S i 6*5J:t^y v K-7° h^°y ^>y ^^fll 

7 5<D®tM®^J¥£ 1 0 nm©->!) 3«l7 7 ?r«fbfetMt5o v' 

y =^M:iBS7 7{^y ^K-^h^y ^^17 5 Sr^y^^^i-SB^w-^^ 

FIG. 9DH/TtJ: 9lC f ^ 1 5 0 nm©-yy 3yi«7 8 ?:C 

8^y yK-T'h^yvy =^§17 5 Sr^y^v^-f-SgS^^^^ t*5 0 

FIG. 9 EK^-TX O fc, SiN/^-V7 6?:CMP^hy^l:ffl 
l^T, S iN/^-y7 6©»Iffit5ST\ ^U3yHkl7 7, 7 8 £ 

vy =»^&tel&7 7, 7 8 t^b^^H 2 0 nmOS i 0 2 ^ 

FIG. 9 F \Z.7?;irJ: 5 fc^ Si0 2 /^-y7 7, 7 8^-7^^11 
T y > K — ^ b y ^ y ^ 7 5 £ R I E ?£-e^ yf^^U Hl20nm» 

y y ^77<f- (DPS^-^S 1 0 0 nm«fc 9 <b$tV^8 0 nmUM^Jx^o 1£» 
S i0 2 ^^->7 7, 7 8 y^?§?S-e^*i"5o 

FIG. 9 GiC^i-J; 5 ^ 7 5©g^®?ri 

5 £ 0 (d, 1 5 nmroISf B W7 9 £4^31 <D C V D mX*±ffi iCJfftf Lfc 

ftij^y— hmUbte&J9- £ 10 0 nm(D y ^ K— ^ h # U ^ U ^^Sl8 0 £ 



28 



^^mi 5\cMvx^.y^^^mmumn^>s i o 2 ^^-^7 7,7 s 

SrfflV^-CV^ 5 Si0 2 ^-^7 7, 7 8<E>7*^ hJfc£S5<-*-5i&£ 

So ££>l^ S i02 /^^y7 7, 7 S^WSiV^PSi'bS-fiV^ 

Si0 2 ^-^7 7, 7 8<Dmmn. SiN^~ 
^7 6^#S«tt)t>^<^S 0 L/c^oT, Si0 2 /^-y7 7, 78<DP^Pfi£ 

r^/^^b-^, b ^*;vWtmtWk 7 2 coif ffl'tt^Mb^Pp^a^ ft 5 - £ ttftv\> 

i>mmz&btiZo tut, ^^x-r^^-^^is^^y-fe^wtt^ftSrfF^-c 

£ § Haft* it is&m&<ozf 7 X^fi&tefcfefcffl v > 5 n £ 1 1? § 5 o 

Additional advantages and modifications will readily occur to those skil 
led in the art. Therefore, the invention in its broader aspects is not 1 
iraited to the specific details and representative embodiments shown and d 
escribed herein. Accordingly, various modifications may be made without 
departing from the spirit or scope of the general inventive concept as de 
fined by the appended claims and their equivalents. 
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WHAT IS CLAIMED IS 

ii5xi oiScm-sj^i-^fo^^ u-j±2Ktm(v^mvfiMn 0 

5 . fulfil 1 (D^BIft^^^-a V =* ^^fll, Hti1E#«l8f* K-^ V h 

y— bm@"efe5 ^ u—j* 5 ^=Bic»^f*^fio 
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0 - u -a- tp Bi^tt # * £ ffl ^ x mit^m * Mi- xfs t , 

1 3. mmtkmmiz. ^mz^&^v ^>m<tm^^^v ^^mtmo-jf 

1 4 . StjfS$»IItt^- MfeW^fe 9 , HUlBWX^^JPXL-cy- MS 
^^mm&tK 5 x l o 13 c m- 2 U±.bfj:% X 5 mm&B^&Mj$i- & * 

i6. ~>y ^^si^^t^wxfliii^iyy ^^m^m^t^mmm^m-r^ 

(tuta^fflf^ y y^^&^t^y^^Srfflv^nxu tuteife^flf/O^ 

ggHt 7 ^ J; TfOr y is (D —j? ^ fr# m% f t? tfrlE^ * — ^ £ Sfcfc^a L 
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nut 

fulfil! l w^°^->-^flf^i-5HiilElfe«i^ 5 ^J8J¥<am^B#£l&£:1- 5 - 

mtmmt <* n * — ^ & ^ * * ^ l x m m&M n z^y^zsy-tz-k 
is. mmmmm-i, ^h\^>v ^^wtitm^^, ^mm^v ^^mitm 
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ABSTRACT OF THE DISCLOSURE 
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